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(54) Method of operating a phosphoric acid fuel cell 

(57) A method of operating a phosphoric acid fuel 
cell (40) is provided, in which the phosphoric acid fuel 
cell (40) effects power generation at a high output. A 
power-generating cell (1 0) is provided with an electro- 
lyte layer (16) comprising a matrix composed of basic 
polymer impregnated with acidic liquid electrolyte such 
as phosphoric acid. The phosphoric acid fuel cell (40) 
has a fuel cell stack comprising a single unit of the pow- 
er-generating cell (1 0) or a predetermined number of the 
power-generating cells (1 0) electrically connected in se- 
ries to one another. When the phosphoric acid fuel cell 
(40) is operated, the supply pressures of the oxygen- 
containing gas and the hydrogen-containing gas are set 
so that the pressure on a cathode electrode (14) of the 
power-generating cell (10) is higher than that of an an- 
ode electrode (12). 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention: 

[0001] The present invention relates to a method of operating a phosphoric acid fuel cell. In particular, the present 
invention relates to a method of operating a phosphoric acid fuel cell, which makes it possible to improve the energy 
conversion ratio of the phosphoric acid fuel cell and thus which makes it possible to allow the phosphoric acid fuel cell 
10 to generate the power at a high output. 

Description of the Related Art: 

[0002] The phosphoric acid fuel cell has a power-generating cell which is provided with an electrolyte -electrode 
is assembly comprising an anode electrode, a cathode electrode, and an electrolyte layer interposed between the both 
electrodes. The electrolyte layer is generally constructed such that pores of a porous silicon carbide member is im- 
pregnated with concentrated phosphoric acid (liquid electrolyte). However, another type of the electrolyte layer is also 
known, in which a membrane of basic polymer such as polybenzimidazole is impregnated with phosphoric acid or 
sulfuric acid (see United States Patent No. 5.525,436). 
20 [0003] In the phosphoric acid fuel cell, a predetermined number of the power-generating cells are electrically con- 
nected in series with each other to provide a fuel cell stack which is accommodated in a container. When the phosphoric 
acid fuel cell is operated, at first, the hydrogen-containing gas is supplied to the anode electrode, and the oxygen- 
containing gas is supplied to the cathode electrode. 

[0004] The hydrogen in the hydrogen-containing gas is ionized on the anode electrode in a manner as represented 
25 by the following reaction formula (A). As a result, the hydrogen ion and the electron are generated. 

2H 2 -> 4H + + 4e (A) 

30 [0005] The hydrogen ion is moved toward the cathode electrode via the electrolyte layer. On the other hand, the 
electron is extracted by an external circuit which is electrically connected to the anode electrode and the cathode 
electrode. The electron is utilized as the DC electric energy to energize the external circuit, and then it arrives at the 
cathode electrode. 

[0006] The hydrogen ion moved to the cathode electrode and the electron arrived at the cathode electrode via the 
35 external circuit cause the reaction as represented by the following reaction formula (B) together with the oxygen in the 
oxygen-containing gas supplied to the cathode electrode. 

0 2 + 4H + + 4e -> 2H 2 0 (B) 

40 

[0007] The reaction according to the reaction formula (B) is slow as compared with the reaction formula (A). That is, 
the reaction represented by the reaction formula (B) constitutes the rate-determining step in the overall cell reaction 
of the phosphoric acid fuel cell. 

[0008] As described in Japanese Laid-Open Patent Publication No. 5-3042, United States Patent No. 4,978,591 , 
45 and Japanese Laid-Open Patent Publication No. 9-320620, the phosphoric acid fuel cell is generally operated in a 
state in which the pressure at the anode electrode is retained to be slightly higher than the pressure at the cathode 
electrode, for the following reason. If the pressure at the anode electrode is lower than the pressure at the cathode 
electrode, H 2 0, which is generated by the cathode electrode in accordance with the reaction formula (B), is pressurized 
toward the cathode electrode. For this reason, H 2 0 is hardly removed. Therefore, the phosphoric acid in the electrolyte 
50 layer leaks into H 2 0, and the performance of the phosphoric acid fuel cell is deteriorated. 

[0009] However, when there is such a difference between the pressures at the both electrodes, the ratio of oxygen 
is low at the cathode electrode. The reaction according to the reaction formula (B) is slow. For this reason, the energy 
conversion ratio of the phosphoric acid fuel cell is low. 

[0010] If the pressure of the anode electrode is extremely higher than the pressure of the cathode electrode, a part 
55 of hydrogen in the hydrogen-containing gas supplied to the anode electrode passes through the electrolyte layer without 
being ionized, and it arrives at the cathode electrode. That is, the reaction efficiency of the reaction formula (A) described 
above is lowered. Therefore, the energy conversion ratio of the phosphoric acid fuel cell is low. 
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[0011] Further, in this case, phosphoric acid in the electrolyte layer leaks from the electrolyte layer together with 
hydrogen, and it is finally discharged to the outside of the container of the phosphoric acid fuel cell. Furthermore, the 
electrolyte layer itself is damaged in some cases. If the electrolyte layer is damaged, the performance of the phosphoric 
acid fuel cell is lowered. 

5 

SUMMARY OF THE INVENTION 

[0012] The present invention has been made in order to solve the problems as described above, an object of which 
is to provide a method of operating a phosphoric acid fuel cell, which makes it possible to remarkably improve the 
10 energy conversion ratio of the phosphoric acid fuel cell and which makes it possible to avoid the leakage of liquid 
electrolyte such as phosphoric acid from a matrix and the damage of an electrolyte layer. 

[001 3] I n order to achieve the object described above, the present invention lies in a method of operating a phosphoric 
acid fuel cell comprising an anode electrode to which hydrogen-containing gas is supplied, a cathode electrode to 
which oxygen-containing gas is supplied, and an electrolyte which is interposed between the both electrodes, the 

*5 electrolyte including a matrix composed of basic polymer impregnated with acidic liquid electrolyte; wherein the phos- 
phoric acid fuel ceil is operated in a state in which a pressure on the cathode electrode is higher than a pressure on 
the anode electrode. The matrix referred to herein indicates a carrier for carrying the liquid electrolyte. 
[0014] The matrix and the liquid electrolyte are strongly attracted to one another in the electrolyte layer comprising 
the matrix of the basic polymer impregnated with the acidic liquid electrolyte. Therefore, the matrix is excellent in ability 

20 to retain the liquid electrolyte. That is, the liquid electrolyte hardly leaks from the matrix in the electrolyte layer. 

[0015] Further, the matrix, which is composed of the basic polymer, has the high mechanical strength as compared 
with the silicon carbide porous member. Accordingly, it is possible to construct the electrolyte layer which is hardly 
damaged. Further, the matrix has the low gas permeability. Therefore, the diffusion of the hydrogen in the hydrogen- 
containing gas toward the cathode electrode is remarkably suppressed before being ionized. Accordingly, it is possible 

25 to improve the energy conversion ratio of the phosphoric acid fuel cell. 

[001 6] The reaction represented by the reaction formula (B) described above is facilitated by increasing the pressure 
on the cathode electrode as compared with the anode electrode. Accordingly, it is possible to further improve the energy 
conversion ratio of the phosphoric acid fuel cell. Therefore, the phosphoric acid fuel cell effects the power generation 
at a high output. 

30 [001 7] It is preferable that a ratio between an absolute pressure on the cathode electrode and an absolute pressure 
on the anode electrode is not more than 2, for reliably avoiding the damage of the electrolyte layer and the leakage of 
the liquid electrolyte from the matrix. 

[0018] It is preferable that a material, which has a structural unit of monomer of secondary amine, is used as the 
basic polymer, since such a basic polymer is excellent in ability to retain the liquid electrolyte, and the gas permeability 
35 of such a basic polymer is low as well. 

[0019] When polybenzimidazole is used as the basic polymer having the structural unit of monomer of secondary 
amine, then the matrix is especially excellent in ability to retain the liquid electrolyte, and the gas permeability is re- 
markably low. Therefore, the use of polybenzimidazole is more preferable. 

[0020] Preferred examples of the acidic liquid electrolyte are exemplified by any one of phosphoric acid, sulfuric acid, 
40 and methylsulfonic acid. 

[0021] The above and other objects, features, and advantages of the present invention will become more apparent 
from the following description when taken in conjunction with the accompanying drawings in which a preferred embod- 
iment of the present invention is shown by way of illustrative example. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

FIG. 1 shows a schematic sectional view illustrating an arrangement of a power-generating cell provided for a 
50 phosphoric acid fuel cell; 

FIG. 2 shows, with partial omission, an exploded perspective view illustrating a state in which an electrolyte-elec- 
trode assembly of the power-generating cell shown in FIG. 1 is manufactured; 

FIG. 3 illustrates a schematic arrangement of a fuel cell system constructed by incorporating peripheral equipments 
into a phosphoric acid fuel cell provided with the power-generating cell shown in FIG. 1 ; 
55 FIG. 4 shows a table illustrating operating conditions in Working Examples 1 and 2 and Comparative Example; and 

FIG. 5 shows a graph illustrating the relationship between the discharge current and the output for the phosphoric 
acid fuel cell under the operating conditions in Working Examples 1 and 2 and Comparative Example. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0023] The method of operating the phosphoric acid fuel cell according to the present invention will be explained in 
detail below with reference to the accompanying drawings, as exemplified by preferred embodiments. 
[0024] At first, FIG. 1 shows a schematic arrangement of a power-generating cell of a phosphoric acid fuel cell. The 
power-generating cell 10 includes an electrolyte-electrode assembly 18 comprising an anode electrode 12, a cathode 
electrode 14, and an electrolyte layer 16 interposed between the both electrodes 12, 14. Specifically, as shown in FIG. 
2, each of the anode electrode 12 and the cathode electrode 14 comprises a gas diffusion layer 20a, 20b composed 
of carbon cloth or the like, and an electrode catalyst layer 22a, 22b composed of porous carbon particles with platinum 
alloy carried on the surface, the porous carbon particles being uniformly laminated on the surface of the gas diffusion 
layer 20a, 20b. In FIG. 2, reference numerals 24a 5 24b indicate a lower press plate and an upper press plate to be 
used when the electrolyte-electrode assembly 18 is manufactured respectively. 

[0025] The electrolyte layer 1 6 comprises a matrix composed of basic polymer impregnated therein with acidic liquid 
electrolyte such as phosphoric acid, sulfuric acid, and methanesulfonic acid. In this arrangement, the acidic liquid 
electrolyte and the basic matrix are attracted to one another. Accordingly, the matrix is excellent in ability to retain the 
liquid electrolyte. Therefore, as for the electrolyte layer 1 6, the liquid electrolyte hardly leaks out from the matrix. 
[0026] Further, the matrix composed of the basic polymer has a high mechanical strength and a low gas permeability 
as compared with a silicon carbide porous member. Therefore, it is possible to construct the electrolyte layer 16 which 
is hardly damaged, and il is possible to construct the phosphoric acid fuel cell which is excellent in energy conversion 
ratio. 

[0027] The basic polymer for constructing the matrix is not specifically limited provided that it is successfully impreg- 
nated with the liquid electrolyte at the inside and it successfully retains the liquid electrolyte. However, as represented 
by the following chemical formulas (1) to (4), the basic polymer may be preferably exemplified by those having the 
structural unit of monomer of secondary amine. 
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[0028] Especially, polybenzimidazole represented by the chemical formula (1) is especially preferable, because it is 
excellent in ability to retain the liquid electrolyte, and it is extremely low in gas permeability. 

[0029] The electrolyte layer 16 is accommodated at the inside of a frame-shaped seal member 26 (see FIG. 1). 
Similarly, the anode electrode 12 and the cathode electrode 14 constitute the electrolyte -electrode assembly 18 ac- 
commodated in frame-shaped seal members 27, 27 respectively 

[0030] The power-generating cell 10 is constructed such that the electrolyte-electrode assembly 18 is interposed 
between a pair of separators 28a, 28b. In the arrangement as described above, respective electrode catalyst layers 
22a, 22b of the anode electrode 12 and the cathode electrode 14 abut against the electrolyte layer 16 (see FIG. 2). 
[0031] Collecting electrodes 30, 30 are electrically connected to the separator 28a attached to the anode electrode 
12 and the separator 28b attached to the cathode electrode 14 of the power-generating cell 10 respectively. Further, 
end plates 32, 32 are attached to the outer sides of the collecting electrodes 30, 30. Thus, a fuel cell stack 100 is 
constructed. 

[0032] Of course, a fuel cell stack may be constructed as follows. That is, a predetermined number of the power- 
generating cells 10 are electrically connected in series. Subsequently, the collecting electrodes 30, 30 are electrically 
connected to the separator 28a attached to the anode electrode 12 of the power-generating cell 10 located at the first 
end and the separator 28b attached to the cathode electrode 14 of the power-generating cell located at the second 
end respectively. Further, the end plates 32, 32 are attached to the outer sides of the collecting electrodes 30, 30. 
[0033] The end plates 32, 32 are connected to one another by the aid of unillustrated bolts. Gas flow passages 34a, 
34b, which serve as flow passages for the hydrogen-containing gas orthe oxygen-containing gas to be supplied to the 
anode electrode 12 or the cathode electrode 14 and for the unreacted gas to be discharged to the outside of the 
container of the phosphoric acid fuel cell respectively. 

[0034] The fuel cell stack 1 00 as described above is accommodated in the container, and thus the phosphoric acid 
fuel cell 40 shown in FIG. 3 is constructed. FIG. 3 shows a schematic arrangement of a fuel cell system 42 into which 
the phosphoric acid fuel cell 40 is incorporated. 

[0035] A load 44 such as a motor is electrically connected to the collecting electrodes 30, 30 (see FIG. 1) of the 
phosphoric acid fuel cell 40. On the other hand, a hydrogen-containing gas supply passage 46 (see FIG. 3) and a 
hydrogen-containing gas discharge passage 47 communicating with the gas flow passage 34a of each of the power- 
generating ceils 1 0 forconstructing the fuel cell stack, and an oxygen-containing gas supply passage 48 and an oxygen- 
containing gas discharge passage 49 communicating with the gas flow passage 34b are connected to the phosphoric 
acid fuel cell 40. 

[0036] A hydrogen storage source 50 for supplying the hydrogen-containing gas at a high pressure, a solenoid- 
operated valve 52a, a pressure-reducing valve 54a, a pressure sensor 56a, a gas flow rate controller 58a, a shut off 
valve 60a, a check valve 62a, a heater 64a, and an inlet side pressure sensor 66a are installed in this order into the 
hydrogen-containing gas supply passage 46 from the upstream side toward the inlet side of the phosphoric acid fuel 
cell 40. On the other hand, an outlet side pressure sensor 68a, a heat exchanger 70a, a gas/liquid separator 72a, and 
a back pressure valve 74a are installed into the hydrogen-containing gas discharge passage 47. Further, a solenoid- 
operated valve 76a is provided on the outlet side of the gas/liquid separator 72a. 

[0037] The oxygen-containing gas supply passage 48 and the oxygen-containing gas discharge passage 49 are 
constructed in the same manner as the hydrogen-containing gas supply passage 46 and the hydrogen-containing gas 
discharge passage 47 described above. Therefore, the same constitutive components are designated by the same 
reference numerals affixed with symbol "b", detailed explanation of which will be omitted. A compressor 78 for supplying 
the air as the oxygen-containing gas is arranged on the upstream side of the oxygen-containing gas supply passage 48. 
[0038] In the fuel cell system 42, the operating temperature of the phosphoric acid fuel cell 40 is controlled by using 
a temperature control system 80. 

[0039] Next, a method of operating the phosphoric acid fuel cell according to the embodiment of the present invention 
will be explained. 

[0040] At first, the hydrogen-containing gas at the high pressure is supplied from the hydrogen gas storage source 
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50 on the side of the hydrogen-containing gas supply passage 46. The hydrogen-containing gas passes through, for 
example, the pressure-reducing valve 54a, the gas flow rate controller 58a : and the heater 64a, and it is adjusted to 
have a predetermined pressure, a predetermined amount and a predetermined temperature. After that, the hydrogen- 
containing gas is supplied to the gas diffusion layer 20a (see FIG. 2) of the anode electrode 1 2 via the gas flow passage 
34a provided for the separator 28a of each of the power-generating cells 1 0 (see FIG. 1 ) for constructing the phosphoric 
acid fuel cell 40, and it arrives at the electrode catalyst layer 22a. 

[0041] On the other hand, the compressor 78 is operated on the side of the oxygen-containing gas supply passage 
48 (see FIG. 3) to supply the oxygen-containing gas such as the air with the phosphoric acid fuel cell 40. In the same 
manner as the hydrogen-containing gas, the oxygen-containing gas is adjusted for the pressure, the flow rate, and the 
temperature thereof by the aid of the pressure-reducing valve 54b, the gas flow rate controller 58b, and the heater 
64b. Afterthat, the oxygen-containing gas is supplied to the gas diffusion layer 20b (see FIG. 2) of the cathode electrode 
14 via the gas flow passage 34b provided for the separator 28b of each of the power-generating cells 10 (see -IG. 1), 
and it arrives at the electrode catalyst layer 22b. 

[0042] The hydrogen-containing gas orthe oxygen-containing gas, which has passed through the gas flow passage 
34a, 34b without being supplied to the anode electrode 12 (see FIG. 1) orthe cathode electrode 14, arrives at the gas/ 
liquid separator 72a, 72b via the heat exchanger 70a, 70b provided forthe hydrogen-containing gas discharge passage 
47 (see FIG. 3) or the oxygen-containing gas discharge passage 49, and it is separated into the gas component and 
the liquid component by the aid of the gas/liquid separator 72a, 72b. 

[0043] In the operating method according to the embodiment of the present invention, the pressure at the cathode 
electrode 1 4 (see FIG . 1 ) is higher than the pressure on the anode electrode 1 2. Such a situation can be easily provided, 
for example, such that the supply pressure of the oxygen-containing gas supplied to the cathode electrode 14 is higher 
than the supply pressure of the hydrogen-containing gas supplied to the anode electrode 1 2. Alternatively, the pressure 
loss of the gas diffusion layer 20b (see FIG. 2) of the cathode electrode 14 may be higher than that of the anode 
electrode 12. In this case, a dense type of carbon cloth may be used as the gas diffusion layer 20b of the cathode 
electrode 14. 

[0044] As described above, the power-generating cell 1 0 (see FIG. 1 ) of the ph:*-horic acid fuel cell 40 (see FIG. 
3) includes the matrix for constructing the electrolyte layer 1 6, the matrix being cc - ; osed of the basic polymer which 
is excellent in mechanical strength. Therefore, even when the differential pressure oetween the cathode electrode 14 
and the anode electrode 12 is large, the electrolyte layer 16 is hardly damaged. 

[0045] Further, in this arrangement, in the electrolyte layer 1 6, the acidic liquid electrolyte and the matrix as the basic 
polymer are strongly attracted to one another. Therefore, the liquid electrolyte hardly leaks from the matrix. 
[C046] Of course, the differential pressure between the both electrodes 12, 14 is set so that the electrolyte layer 16 
is not damaged and the liquid electrolyte does not leakfrom the matrix. Such a differential pressure changes depending 
on the type of the basic polymer of the matrix as well. However, in order to reliably avoid the damage of the electrolyte 
layer 16 and the leakage of the liquid electrolyte from the matrix, it is preferable that the ratio between the absolute 
pressure on the cathode electrode 14 and the absolute pressure on the anode electrode 12 is within 2. 
[0047] The hydrogen-containing gas and the oxygen-containing gas, which are supplied to the anode electrode 12 
and the cathode electrode 1 4 respectively are extremely suppressed for the passage through the electrolyte layer 16, 
forthe following reason. The gas permeability of the matrix is low. Therefore, the hydrogen in the hydrogen-containing 
gas is extremely suppressed for the direct reaction with the oxygen in the oxygen-containing gas. Thus, the energy 
conversion ratio of the phosphoric acid fuel cell 40 (see FIG. 3) is improved. 

[0048] That is, the hydrogen is highly efficiently ionized as represented by the reaction formula (A) described above 
in the electrode catalyst layer 22a (see FIG. 2) of the anode electrode 12. As a result, large amounts of hydrogen ion 
and electron are generated. The electron is converted into the electric energy to energize the load 44 such as a motor 
which is electrically connected to the phosphoric acid fuel cell 40 (see FIG. 3). 

[0049] On the other hand, the hydrogen ion passes through the electrolyte layer 1 6 (see FIGS. 1 and 2), and it arrives 
at the electrode catalyst layer 22b (see FIG. 2) of the cathode electrode 14. The reaction represented by the reaction 
formula (B) described above is caused in the electrode catalyst layer 22b by the hydrogen ion, the electron arrived at 
the cathode electrode 1 4 via the load 44, and the oxygen in the oxygen-containing gas supplied to the cathode electrode 
14 and passed through the gas diffusion layer 20b of the cathode electrode 14. Thus, H 2 0 is produced. 
[0050] In this embodiment, as described above, the phosphoric acid fuel cell 40 is operated in the state in which the 
pressure on the cathode electrode 14 is higher than that of the anode electrode 12. Therefore, the ratio of oxygen in 
the electrode catalyst layer 22b of the cathode electrode 14 is high as compared with any operating method of the 
conventional technique in which the phosphoric acid fuel cell is operated while increasing the pressure on the anode 
electrode 12 as compared with the pressure on the cathode electrode 14. Accordingly, the reaction represented by the 
reaction formula (B) described above is facilitated, and the reaction velocity thereof is improved. The reaction of the 
reaction formula (B) is the rate-determining step in the overall cell reaction of the phosphoric acid fuel cell 40. Therefore, 
the energy conversion ratio of the phosphoric acid fuel cell 40 is remarkably improved, as the reaction velocity according 
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to the reaction formula (B) is improved. 

[0051] As described above, the energy conversion ratio of the phosphoric acid fuel cell 40 can be improved by 
operating the phosphoric acid fuel cell 40 in the state in which the pressure on the cathode electrode 14 is higher than 
the pressure on the anode electrode 12. The power generation can be effected at a high output even in the case of a 
large current density in the phosphoric acid fuel cell 40 in which the energy conversion ratio is improved. That is, it is 
possible to construct the phosphoric acid fuel cell 40 which is excellent in power-generating performance. 
[0052) During the operation, the temperature of the phosphoric acid fuel cell 40 is maintained to be about 1 60 °C by 
the aid of the temperature control system 80. Therefore, produced H 2 0 is in the vapor phase (steam) which is promptly 
discharged to the oxygen-containing gas discharge passage 49 together with the unreacted oxygen-containing gas 
via the gas flow passage 34b of the separator 28b, after being diffused in the gas diffusion layer 20b of the cathode 
electrode 14. Therefore, it is possible to avoid the discharge of the liquid electrolyte of the electrolyte layer 16 together 
with produced H 2 0. 

Examples 

(1) Production of Phosphoric Acid Fuel Cell 40 

[0053] A matrix, which was composed of a polybenzimidazole film of width: 66 mm x length: 66 rnm x thickness: 50 
u,m, was weighed, and then il was immersed in phosphoric acid having a concentration of 85 % for not less than 24 
hours. The concentration of phosphoric acid in the matrix arrived at the equilibrium to provide an electrolyte layer 16 
comprising the matrix impregnated with phosphoric acid. The electrolyte layer 16 was vacuum-dried at 80 °C, followed 
by being weighed again. The weight was compared with the weight of the polybenzimidazole film before the immersion 
to calculate the number of moles of phosphoric acid in the electrolyte layer 16. Further, the number of molecules of 
phosphoric acid per structural unit of polybenzimidazole was calculated from the number of moles. As a result, the 
number of molecules of phosphoric acid per structural unit of polybenzimidazole was 1 0.2. The thickness of the matrix 
impregnated with phosphoric acid was 1 02 ujti. 

[0054] On the other hand, an ethylene glycol solution, in which carbon powder and polytetrafluoroethylene powder 
were dispersed, was applied to one end surface of carbon cloth having a thickness of 300 um, followed by being dried 
to volatilize and remove only ethylene glycol. Thus, a carbon/polytetrafluoroethylene layer was formed. This layer plays 
the following role. That is, the surface of the carbon cloth is smoothened, and phosphoric acid in the electrolyte layer 
16 is prevented from seepage to the carbon cloth. 

[0055] Porous carbon particles, which carried a platinum alloy-based catalyst on the surface, were moistened with 
pure water, and then they were dispersed in ethylene glycol. An obtained solution was uniformly applied onto the 
carbon/polytetrafluoroethylene layer described above in accordance with the screen printing method, followed by being 
dried to volatilize and remove only ethylene glycol. 

[0056] In accordance with the procedure described above, an anode electrode 12 and a cathode electrode 14 each 
having a thickness of 350 ujti were manufactured, in each of which a gas diffusion layer 20a, 20b was composed of 
the carbon cloth formed with the carbon/polytetrafluoroethylene layer, and an electrode catalyst layer 22a, 22b was 
composed of the porous carbon particles with the platinum alloy-based catalyst carried on the surface. 
[0057] Subsequently, as shown in FIG. 2, the anode electrode 12 in a frame-shaped seal member 27 was placed 
on the lower press plate 24a of the press machine (not shown) so that the electrode catalyst layer 22a was directed 
upwardly. Further, the electrolyte layer 1 6 in a frame-shaped seal member 26 made of polytetrafluoroethylene having 
a thickness of 80 u.m, and the cathode electrode 14 in a frame-shaped seal member 27 were placed on the anode 
electrode 12 in this order. The cathode electrode 14 was placed so that the electrode catalyst layer 22b was directed 
downwardly. 

[0058] The pressurizing and heating treatments were applied to these components by the lower press plate 24a and 
the upper press plate 24b for thirty seconds. The pressing force was 4 MPa, and the temperature was 1 45 °C. Accord- 
ingly, an electrolyte-electrode assembly 1 8 was obtained, in which the anode electrode 12 and the cathode electrode 
14 were integrally joined to the both surfaces of the electrolyte layer 16, the electrolyte layer 16 was accommodated 
in the frame-shaped seal member 26, and the anode electrode 12 and the cathode electrode 14 were accommodated 
in the frame-shaped seal members 27, 27. 

[0059] Subsequently, separators 28a, 28b, on which gas flow passages 34a, 34b were provided, were arranged on 
both surfaces of the electrolyte-electrode assembly 1 8. Further, collecting electrodes 30a, 30b and end plates 32, 32 
were arranged at the outside of the separators 28a, 28b. The both end plates 32, 32 were connected to one another 
by means of unillustrated bolts. Thus, a fuel cell stack 100 comprising a single power-generating cell 10 was manu- 
factured. 

[0060] The fuel cell stack 100 manufactured as described above was accommodated in a container, and thus a 
phosphoric acid fuel cell 40 was produced. 
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(2) Operation of Phosphoric Acid Fuel Cell 40 

[0061] Peripheral equipments shown in FIG. 3 were incorporated into the phosphoric acid fuel cell 40 obtained as 
described above to construct a fuel cell system 42. The hydrogen and the air were supplied to the phosphoric acid fuel 
cell 40 to operate the phosphoric acid fuel cell 40 so that the gas utilization factor, which was defined by the value 
obtained by multiplying, by 1 00, the quotient obtained by dividing the amount of gas consumed in relation to the reaction 
by the gas supply amount, was 67 % for the anode electrode 12 and 50 % for the cathode electrode 14. 
[0062] In this procedure, the hydrogen supply pressure for the anode electrode 1 2 was 1 51 .3 kPa (absolute pressure), 
and the air supply pressure forthe cathode electrode 14 was 301 .3 kPa (absolute pressure). That is, the ratio between 
the absolute pressures for the both electrodes was 1 .99. In this state, the phosphoric acid fuel cell 40 was operated 
at a variety of current densities while controlling the temperature at 1 60 °C. This operation was designated as Working 
Example 1. The respective supply pressures of the hydrogen and the air were determined from measured values 
obtained by the inlet side pressure sensors 66a ; 66b. 

[0063] The phosphoric acid fuel cell 40 was operated in the same manner as in Working Example 1 except that the 
hydrogen supply pressure for the anode electrode 12 was 151 .3 kPa, and the air supply pressure for the cathode 
electrode 14 was 201 .3 kPa (ratio between the absolute pressures of the both electrodes = 1 .33). This operation was 
designated as Working Example 2. 

[0064] Further, the phosphoric acid fuel cell 40 was operated in the same manner as in Working Example 1 except 
that both of Ihe hydrogen supply pressure and the air supply pressure for the both electrodes 12, 14 were 201 .3 kPa 
(ratio between the absolute pressures of the both electrodes = 1). This operation was designated as Comparative 
Example. 

[0065] The operating conditions in Working Examples 1 and 2 and Comparative Example are summarized in FIG. 
4. The outputs of the phosphoric acid fuel cell 40 at the respective current densities are depicted as a graph in FIG. 5. 
According to FIG. 5, it is clear that the power generation can be effected at the high output even when the current 
density is large, by operating the phosphoric acid fuel cell 40 under the operating condition of Working Example 1 . 
[0066] According to FIG. 5, it is clearly understood as well that the output of the phosphoric acid fuel cell 40 at each 
of the current densities is substantially equivalent under the operating condition of Working Example 2 as compared 
with the operating condition of Comparative Example, although the hydrogen supply pressure is substantially 1/2. This 
fact means that the ionization ratio of hydrogen is improved by increasing the pressure on the cathode electrode 14 
as compared with the anode electrode 12, and hence the energy conversion ratio of the phosphoric acid fuel cell 40 
is improved. 

[0067] Neither damage of the electrolyte layer 1 6 nor the leakage of phosphoric acid from the matrix was observed 
under the operating conditions of Working Examples 1 and 2. 

[0068] As explained above, according to the method of operating the phosphoric acid fuel cell of the present invention, 
the pressure on the cathode electrode is higher than that on the anode electrode. Accordingly, the ionization ratio of 
hydrogen is improved on the anode electrode, and the reaction of hydrogen ion, electron, and oxygen is facilitated on 
the cathode electrode. Therefore, the energy conversion ratio of the phosphoric acid fuel cell is remarkably improved. 
Thus, the power-generating characteristic of the phosphoric acid fuel cell is effectively improved. 
[0069] While the invention has been particularly shown and described with reference to preferred embodiments, it 
will be understood that variations and modifications can be effected thereto by those skilled in the art without departing 
from the spirit and scope of the invention as defined by the appended claims. 



Claims 

1. A method of operating a phosphoric acid fuel cell (40) comprising an anode electrode (12), a cathode electrode 
(14), and an electrolyte layer (16) interposed between said anode electrode (12) and said cathode electrode (14), 
said electrolyte layer (1 6) including a matrix composed of basic polymer impregnated with acidic liquid electrolyte, 
comprising the steps of: 

supplying hydrogen-containing gas to said anode electrode (12); 
supplying oxygen-containing gas to said cathode electrode (14); and 

operating said phosphoric acid fuel eel! (40) in a state in which a pressure on said cathode electrode (14) is 
higher than a pressure on said anode electrode (12). 

2. The method of operating said phosphoric acid fuel cell (40) according to claim 1 , wherein a ratio between an 
absolute pressure on said cathode electrode (14) and an absolute pressure on said anode electrode (12) is not 
more than 2. 
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The method of operating said phosphoric acid fuel cell (40) according to claim 1 or 2, wherein a material, which 
has a structural unit of monomer of secondary amine, is used as said basic polymer. 

The method of operating said phosphoric acid fuel cell (40) according to claim 3, wherein polybenzimidazole is 
used as said basic polymer having said structural unit of said monomer of said secondary amine. 

The method of operating said phosphoric acid fuel cell (40) according to any one of claims 1 to 4, wherein any one 
of phosphoric acid, sulfuric acid, and methylsulfonic acid is used as said liquid electrolyte. 
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FIG. 2 
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FIG. 4 
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(54) Method of operating a phosphoric acid fuel cell 

(57) A method of operating a phosphoric acid fuel 
cell (1 0) is provided, in which the phosphoric acid fuel 
cell (10) effects power generation at a high output. A 
power-generating cell (1 0) is provided with an electro- 
lyte layer (16) comprising a matrix composed of basic 
polymer impregnated with acidic liquid electrolyte such 
as phosphoric acid. The. phosphoric acid fuel cell (10) 
has a fuel cell stack comprising a single unit of the pow- 
er-generating cell (1 0) or a predetermined number of the 
power-generating cells (1 0) electrically connected in se- 
ries to one another. When the phosphoric acid fuel cell 
(10) is operated, the supply pressures of the oxygen- 
containing gas and the hydrogen-containing gas are set 
so that the pressure on a cathode electrode (14) of the 
power-generating cell (1 0) is higher than that of an an- 
ode electrode (12). 
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